The genus Burkholderia of the family Burkholderiaceae, belonging to the class Betaproteobacteria, was described by Yabuuchi et al. (1992) and its description was emended by Gillis et al. (1995) . At the time of writing, the genus Burkholderia comprised 90 species with validly published names (Parte, 2015) . Many strains belonging to the genus Burkholderia have been isolated from soils and the rhizosphere of plants (Draghi et al., 2014; Kang et al., 2014; Kim et al., 2006; Lee et al., 2012; Vandamme et al., 2013; Yoo et al., 2007) . Members of the genus Burkholderia are Gram-stainnegative, rod-shaped, non-spore-forming, aerobic and motile or non-motile and they are characterized chemotaxonomically by the presence of ubiquinone 8 (Q-8) and C 16 : 0 3-OH as the main hydroxy fatty acid.
In the course of a study focused on the isolation of oligotrophic bacteria, two bacterial strains, Y-12 T and Y-47 T , were isolated from mountain forest soil, and strain WR43 T was isolated from a ginseng rhizosphere soil, at Daejeon in Korea. The strains were isolated by diluting the soil samples in sterile distilled water, and 10 g rhizosphere soil was dispersed by using a sonic oscillator (Vivra cell VCX750) for 40 s at 30 W in 90 ml sterilized water. The soil suspension was plated on R2A agar (Difco), followed by aerobic incubation at 28 8C for 5 days. The medium was adjusted to pH 7.0 with 1 M NaOH. The strains were subsequently purified three times by plating on R2A medium at 28 8C for 3 days and maintained on the same medium. The strains were stored at 280 8C in this medium without agar and supplemented with 20 % (v/v) glycerol. In order to characterize the strains phenotypically, the isolates were routinely grown aerobically on R2A agar for 3 days at 28 8C and pH 7.0, except where indicated otherwise.
The morphology of the isolates was observed by Gram staining and motility was observed by phase-contrast microscopy (Eclipse 80i; Nikon) using cells from exponentially growing cultures. The exponential growth phase was determined by monitoring the OD 600 with a spectrophotometer (model UV-1650PC; Shimadzu) in R2A broth culture for 5 days at 28 8C and pH 7.0. Gram staining was performed by the Burke method (Murray et al., 1994) . Catalase and oxidase activities, nitrate reduction, hydrolysis of aesculin, casein, DNA, gelatin, Tweens 20, 40, 60 and 80, hypoxanthine, L-tyrosine, starch, xanthine and urea and production of indole were tested as recommended by Smibert & Krieg (1994) . Determination of acid production from carbohydrates, as well as utilization of carbon and nitrogen sources, activities of constitutive enzymes and other additional biochemical characteristics, was performed by using API 50CH (with API 50CHB medium), API 20NE and API ZYM galleries according to the instructions of the manufacturer (bioMérieux) at 28 8C. Growth on R2A agar, nutrient agar (NA), trypticase soy agar (TSA), marine agar (MA), Luria-Bertani (LB) agar and ISP2 medium (all from Difco) was evaluated at 28 8C. To determine the optimal temperature and pH for growth of the strains, broth cultures in R2A broth were incubated at 0-50 8C (at intervals of 5 8C, plus at 4, 28 and 37 8C) and at pH 5-11 (at intervals of 0.5 pH units). pH ,6, 6-9 and .9 was obtained by using sodium acetate/acetic acid, Tris/HCl and glycine/NaOH buffers, respectively. Growth at 0, 0.01, 0.03. 0.05, 0.1, 0.5, 1.0, 3.0 and 5.0 % (w/v) NaCl was tested in R2A broth medium at pH 7.0. Growth was monitored by turbidity at OD 600 by using a spectroscopic method (model UV-1650PC; Shimadzu).
Susceptibility to antibiotics was tested on R2A plates using antibiotic discs containing the following (mg per disc unless otherwise stated): teicoplanin (30), amikacin (30), ampicillin (20), lincomycin (15), nalidixic acid (30), kanamycin (30), gentamicin (10), streptomycin (10), neomycin (30), penicillin (10 U), vancomycin (30), erythromycin (15), oleandomycin (15), amoxicillin (10), spiramycin (100), rifampicin (10), polymyxin B (100 U), nystatin (50), bacitracin (10 U), tetracycline (30), cycloheximide (30), roxithromycin (15), sphingomyelin (30), apramycin (30), salinomycin (30), hygromycin (30), capreomycin (30), sisomycin (10), amphotericin (2), gramicidin S (30), phosphomycin (30) and chloramphenicol (30).
Strains Y-12
T , Y-47 T and WR43 T showed a range of phenotypic properties typical of members of the genus Burkholderia (Yabuuchi et al., 1992; Gillis et al., 1995 T , Y-47 T and WR43 T was prepared by using the method described by Tamaoka & Komagata (1984) . The 16S rRNA gene was amplified by PCR with the forward primer 27F and reverse primer 1492R (DeLong, 1992) . Amplification of the gyrB and recA genes was performed by the method of Spilker et al. (2009) . Direct sequence determination of PCR-amplified DNA was carried out using an automated DNA sequencer (ABI 3730XL; Applied Biosystems). Full sequences of the genes were compiled using SeqMan software (DNASTAR). The resulting gene sequences were aligned with the published sequences of closely related bacteria with CLUSTAL W 2.0 software (Larkin et al., 2007) . Gaps at the 59 and 39 ends of the alignment were omitted in further analyses. Phylogenetic trees were reconstructed by using three different methods: the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximumparsimony (Fitch, 1971) algorithms within the MEGA5 program (Tamura et al. 2011) . Evolutionary distance matrices for the neighbour-joining method were calculated using the algorithm of Kimura's two-parameter model (Kimura, 1980) . To evaluate the stability of the phylogenetic tree, a bootstrap analysis (1000 replications) was performed (Felsenstein, 1985) . 16S rRNA, recA and gyrB gene sequences used for phylogenetic comparisons were obtained from the GenBank database and the strain designations and GenBank accession numbers are shown in Fig. 1 and Figs S1-S4 (available in the online Supplementary Material).
To determine genomic relatedness, DNA-DNA hybridization was performed using the modified method of Ezaki et al. (1989) . Probe labelling was conducted by using the non-radioactive DIG-High Prime system (Roche); hybridized DNA was visualized using the DIG luminescent detection kit (Roche) and the level of DNA-DNA relatedness was quantified by using a densitometer (Bio-Rad). Isolation of DNA (Saito & Miura, 1963) and determination of the DNA G+C content were performed by HPLC (SPD-10AV; Shimadzu), as described by Mesbah et al. (1989) . T and WR43 T were obtained and used for initial BLAST searches of the GenBank database and for phylogenetic analysis. The 16S rRNA, recA and gyrB gene sequences of related taxa were obtained from the GenBank database and EzTaxon-e server and the identification of phylogenetic neighbours and calculation of pairwise 16S rRNA, recA and gyrB gene sequence similarity were achieved by using the EzTaxon-e server (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012 T , forming an independent phylogenetic line with bootstrap values .70 % in the genus Burkholderia (Fig. 1) . The neighbour-joining (Fig. 1) , maximum-likelihood and (Vandamme et al., 2002) . Data were from this study unless indicated. All strains are Gram-staining-negative, non-spore-forming, aerobic rods and are positive for catalase activity. All strains share the following characteristics: negative for indole production, hydrolysis aesculin and gelatin and assimilation of maltose; acid is produced from D-glucose and D-fructose but not from inulin or raffinose. All strains are susceptible to chloramphenicol (10 mg), gentamicin (10 mg), streptomycin (10 mg) and tetracycline (30 mg). 
Amoxicillin (10 mg) 2 (Fig. S4) .
DNA-DNA relatedness between strains Y-12
T , Y-47 T and WR43 T and B. diazotrophica KCTC 23308 T was 31-49 % (Table S1) ; these values were significantly lower than the threshold value of 70 % recommended for the assignment of genomic species (Wayne et al., 1987 
Burkholderia heleia SA41 T (AB495123)
Burkholderia silvatlantica SRMrh-20 T (AY221956)
Burkholderia sprentiae WSM5005 T (HF549035)

Burkholderia tuberum STM678 T (AJ302311)
Burkholderia acidipaludis SA33 T (AB513180)
Burkholderia diazotrophica JPY461 T (HM366717)
Burkholderia caballeronis TNe-841 T (EF139186)
Burkholderia solisilvae Y-47 T (EJ772068)
Burkholderia humisilvae Y-12 T (FJ796457)
Burkholderia rhizosphaerae WR43 T (AB365791)
Burkholderia kururiensis KP23 T (AB024310)
Burkholderia symbiotica JPY-345 T (HM357233)
Cupriavidus necator N-1 T (AF191737) Three novel species of Burkholderia from soil 4.10). For the analysis of quinones and polar lipids, cells were harvested in the late-exponential phase and freezedried. Isoprenoid quinones were extracted and analysed by HPLC (SPD-10AV; Shimadzu), as described by Collins & Jones (1981) . For polar lipid analysis, the cellular lipids were extracted twice, washed and hydrolysed with 0.5 M NaOH as described by Yabuuchi et al. (1990 Yabuuchi et al. ( , 1999 
WR43
T exhibited a complex profile consisting of phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and several unidentified aminophospholipids, aminolipids and phospholipids (Fig. S5) T occupied a distinct position within the genus Burkholderia and shared similar chemotaxonomic characteristics with members of the genus Burkholderia sensu stricto in terms of the DNA G+C content, polar lipids, predominant ubiquinone and major fatty acids. However, strains Y-12
T , Y-47 T and WR43 T could be distinguished from each other and other closely related species in the genus Burkholderia by some chemotaxonomic and phenotypic features, such as growth temperature, oxidase activity, citrate assimilation and the composition of fatty acids and polar lipids.
Therefore, on the basis of the results of our polyphasic taxonomic study, we propose that the strains represent three novel species of the genus Burkholderia, for which the names Burkholderia humisilvae sp. nov., Burkholderia solisilvae sp. nov. and Burkholderia rhizosphaerae sp. nov. are proposed, with strains Y-12 T , Y-47 T and WR43 T as the respective type strains.
Description of Burkholderia humisilvae sp. nov
Burkholderia humisilvae (hu.mi.sil9vae. L. n. humus soil; L. n. silva forest; N.L. gen. n. solisilvae of/from forest soil).
Cells are Gram-stain-negative, strictly aerobic, non-motile, non-spore-forming rods. Colonies are circular, convex, entire, cream in colour and 1.0-1.5 mm in diameter on R2A agar after 3 days of incubation at 28 uC. Growth also occurs on NA, LB agar, MA and ISP2 agar. Grows at 10-55 uC (optimally at 28 uC), pH 3.0-8.0 (optimally at pH 6.0) and with 0-4.0% (w/v) NaCl, with optimal growth in the absence of added NaCl. Catalase-positive and oxidase-negative. Nitrate is not reduced to nitrite. Urea is hydrolysed but gelatin, starch, DNA, Tweens 20, 40, 60 and 80, xanthine, hypoxanthine and L-tyrosine are not. Utilizes D-galactose, D-fructose, D-mannose, amygdalin, methyl b-D-xylopyranoside, arbutin, L-salicin, cellobiose, starch, glycogen, gluconate and malate. Acid is produced from glycerol, D-ribose, D-glucose, D-fructose, N-acetyl-D-glucosamine, amygdalin, arbutin, L-salicin, cellobiose, maltose, sucrose, trehalose, starch and glycogen, but not from the other components in the API 50CH gallery. Enzyme activity is observed for alkaline phosphatase, leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase and b-glucosidase, but not for esterase (C4), esterase lipase (C8), lipase (C14), valine arylamidase, cystine arylamidase, trypsin, Description of Burkholderia solisilvae sp. nov Burkholderia solisilvae (so.li.sil9vae. L. n. solum soil; L. n. silva forest; N.L. gen. n. solisilvae of/from forest soil).
Cells are Gram-stain-negative, strictly aerobic, non-motile, non-spore-forming rods. Colonies are circular, convex, entire, cream in colour and 0.5-1.0 mm in diameter on R2A agar after 3 days of incubation at 28 uC. Growth also occurs on LB agar, MA and ISP2 agar. Grows at 10-55 uC (optimally at 28 uC), pH 3.0-8.0 (optimally at pH 6.0) and with 0-4.0% (w/v) NaCl, with optimal growth in the absence of added NaCl. Catalase-positive and oxidase-negative. Nitrate is not reduced to nitrite. Urea is hydrolysed but gelatin, starch, DNA, Tweens 20, 40, 60 and 80, xanthine, hypoxanthine and L-tyrosine are not. Utilizes 2-ketogluconate, 5-ketogluconate, adipate and malate. Acid is produced from D-and L-arabinose, D-glucose, D-fructose, trehalose, glycogen and D-and L-fucose, but not from the other components in the API 50CH gallery. Enzyme activity is observed for alkaline phosphatase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and bgalactosidase, but not for esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase or a-fucosidase. Susceptible to amoxicillin, ampicillin, hygromycin, roxithromycin and spiramycin, but resistant to amphotericin, oleandomycin and polymyxin B. The major fatty acids are C 16:0 , C 17:0 cyclo and C 19:0 cyclo v8c. The main hydroxy fatty acids are C 16:0 3-OH, C 16:0 2-OH and C 18:1 2-OH. The main polar lipids are phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, unidentified aminophospholipids and unidentified phospholipids; minors amount of several other unidentified aminophospholipids are also present. The predominant isoprenoid quinone is Q-8. Burkholderia rhizosphaerae (rhi.zo.sphae9rae. Gr. n. rhiza root; L. n. sphaera a ball, sphere; N.L. n. rhizosphaera rhizosphere; N.L. gen. n. rhizosphaerae of the rhizosphere).
Cells are Gram-stain-negative, strictly aerobic, non-motile, non-spore-forming rods. Colonies are circular, convex, entire, cream in colour and 1.0-1.5 mm in diameter on R2A agar after 3 days of incubation at 28 uC. Growth also occurs on NA, LB agar, MA and ISP2 agar. Grows at 10-55 uC (optimally at 30 uC), pH 3.0-8.0 (optimally at pH 6.0) and with 0-4.0% (w/v) NaCl, with optimal growth in the absence of added NaCl. Catalase-positive and oxidase-negative. Nitrate is reduced to nitrite. Urea N-acetyl-D-glucosamine, amygdalin, arbutin, L-salicin, cellobiose, sucrose and glycogen, but not from the other components in the API 50CH gallery. Enzyme activity is observed for alkaline phosphatase, acid phosphatase and naphthol-AS-BI-phosphohydrolase, but not for esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase or a-fucosidase. Susceptible to hygromycin and oleandomycin, but resistant to amoxicillin, amphotericin, ampicillin, polymyxin B and spiramycin. The major fatty acids are C 16 : 0 , C 17 : 0 cyclo and summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 v7c). The main hydroxy fatty acid is C 16:0 3-OH. The major polar lipids are phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and unidentified aminophospholipids; minor amounts of unidentified phospholipids and aminolipids are also observed. The predominant isoprenoid quinone is Q-8. 
